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Abstract 
The aim of the study was to know the productivity and stability of cassava promising clones. The experiments were done in nine 
environments in Pati, Probolinggo, Malang, Lampung Timur, Lampung Tengah and Lampung Selatan from 2010 to 2012. The 
experiments were arranged in a randomized complete block design, three replications. The plot size was a 5 m × 5 m. Plants 
distance was 100 cm × 80 cm. Dosage of fertilizers was 93 kg ·  ha–1  N + 36 kg · ha–1  P2O5  +  60 kg · ha–1  K2O. A total of nine 
clones were used. Parameter recorded was fresh tuber yield of seven months old plants. IRRISTAT program was used to analyze 
the variance based on AMMI model, IPCA score and IPCA biplot. The study showed that Clone BIC 180, BIC 556, BIC 280, 
CMM 03001-10, and BIC 499 were more stable than CMM 02048-6, CMM 03020-2, CMM 03013-11, and UJ3 based on AMMI 
models. Mean of fresh tuber yield in seven months of CMM 03001-10 over locations and years was the highest (31.75 t · ha–1), 
11 %  higher than UJ3, equal to Rp2 377 500  ha–1, if the price of cassava tuber  Rp750. 
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1 USD      equal to IDR 11 767 (September 2014)  
IDR         Indonesian Rupiah  (Rp) 
1 ton        103 kg 
mo           month 
1. Introduction 
     Fossil fuels price predicted will increase in the future. Due to of its cost of explorations and exploitation of fossil 
fuels will increase. Besides that, a crude oil reserve is running low. Another factor that causes the high price of fossil 
oil is transportation of crude oil to oil refinery. It is predicted that Asia will be the biggest oil consumer with the 
high price in the future. More attention to biofuels in Indonesia since existence of presidential decree No. 5 2006 
about national energy policy, one of them is the target of biofuels use is 5 % of national energy consumption in 
2025. A few regulations have been made to response the presidential regulation. One of them is the existence of 
subsidy for bioethanol. Company PT Medco Ethanol Lampung have produced bioethanol using cassava as raw 
material since few years ago, however since 2012, this company have used molasses as raw material for bioethanol, 
but since October 2013, this company have stopped temporary. This was because of cassava supply was limited and 
the price of cassava was relatively high, around Rp750 to Rp1 000 kg–1.  Another company, PT Indonesia Ethanol 
has produced ethanol using cassava as raw material and till now this company is working. This company uses 
cassava chips as raw material and this cassava chips was imported from neighbor country. 
     The price of raw material is the biggest contribution in determining the cost of ethanol production, 65 % of 
production cost as reported by Supriyanto [1]. This means for decreasing the production cost, decreasing raw 
material cost is important. In order to decrease the cost of raw material, cassava productivity should be increased. 
Use the appropriate variety is important thing in determining the productivity of cassava. To support the 
development of bioethanol industry with cassava as raw material,  contiguity of raw material supply should be paid 
attention. There are eleven released varieties in Indonesia, one of them is UJ3.  This variety has already developed in 
Lampung.  
In Indonesia, cassava is planted in dry areas with varied environmental condition. When some clones are tested in 
different environments, then the result will be two possibilities. The first, the ordinal of the yield of clones tested is 
the same between environments. The second, the ordinal of the yield of clones tested is different between 
environments. Most cassava in Indonesia  are planted in East Java, Lampung, Central Java, and West Java. Type of 
land of East Java, Lampung, West Java is dry land, while that of Lampung is acid dry land. Howeler [2] reported 
that most cassavas in Indonesia are grown in Alfisol 25 %, Ultisol 22 %, Entisol 20 %, and Inceptisol 18 %. In East 
Java and Central Java, most cassava are planted in C2, C3 and D3 climate type which there are 2 to 6 dry months. In 
West Java and Lampung, most cassava is planted in B and C2 climate type which there are 2 to 3 dry months. 
There are a few methods to analyze the stability of genotypes for multi-locations trials, one of them is method that 
was proposed by Gauch [3]. The AMMI (Additive Main Effects and Multiplicative Interaction) models for analysis 
of stability was proposed by Gauch [3]. Many scienties used that method  for analysis of stability [4-7].  
Some promising clones have been resulted from previous cassava breeding activities. These clones are needed to 
be tested in various locations/environments conditions before releasing the superior ones as new varieties. The aim 
of this study was to know the productivity and stability of cassava promising clones.  
2. Material and methods 
     The experiments were conducted in nine environments in Pati, Probolinggo, Malang, Lampung Timur, Lampung 
Tengah and Lampung Selatan  from 2010 to 2012. The experiments were arranged in a randomized complete block 
design, three replications. The plot size was a 5 m × 5 m. Plants distance was 100 cm × 80 cm. Doses of fertilizers 
was 93 kg · ha–1  N + 36 kg · ha–1  P2O5  + 60 kg · ha–1  K2O. The clones used were CMM 03001-10, CMM 03020-2, 
BIC 556, BIC 499, BIC 280, BIC 180, CMM 03013-11, and CMM 02048-6, as promising clones, as well as UJ3 as 
released varieties.  Parameter recorded was fresh tuber yield of seven month old plants. Tuber yield was analyzed 
using MSTAT (Michigan Statistic), version C software (released by Michigan State University) to obtain the 
combined analysis of variance. Stability analysis based on AMMI (Additive Main Effects and Multiplicative 
Interaction) model.  
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3. Results and discussion 
 Analysis of variance for the nine clones, six locations, from 2010 to 2012 for fresh tuber yield are shown in   
Table 1. The clones × locations interaction were significantly different for fresh tuber yield. Because the clones × 
locations interaction were significant, so analysis of stability of clones should be done to know the stability and 
adaptability. Similar result was  reported by Sholihin [8,9], and Sundari et al. [10]. 
Tuber yield of clones at seven months in Lampung Tengah 2011 ranged from 23.60 t · ha–1  to 42.47 t · ha–1   with 
mean of 31.51 t · ha–1 (Table 2). Tuber yield of UJ3 was the highest. Tuber yield of CMM 03001-10 were similar to 
UJ3. Tuber yield of clones  in Lampung Timur 2011 range 21.38 t · ha–1 to 30.13 t · ha–1, with mean 26.09 t · ha–1. 
Tuber yield of CMM 02048-6 was the highest, however they were not different significantly. Tuber yield of clones 
in Lampung Selatan 2011 ranged from 22.03 t · ha–1 to 33.33 t · ha–1, with mean of 29.15 t · ha–1 . Tuber yield of 
UJ3 was the highest. Tuber yield of CMM 03001-10, CMM 03020-2, BIC 556, BIC 499, BIC 280, BIC 180, and 
CMM 03013-11 were similar to UJ3. Tuber yield of clones  in Probolinggo 2011 ranged from 17.16 t · ha–1  to 31.51 
t · ha–1, with mean  25.28 t · ha–1. Tuber yield of CMM 03001-10  was the highest. Tuber yield of CMM 03020-2, 
BIC 556, BIC 180, CMM 02048-6, UJ3 were similar to CMM 03001-10. Tuber yield of clones  in Pati 2010 ranged 
from 26.7 t · ha–1 to 35.76 t · ha–1, with mean 31.56 t · ha–1 . Tuber yield of CMM 03020-2 was the highest. Tuber 
yield of CMM 03001-10, CMM 03020-2, BIC 499, BIC 280, BIC 180, and CMM 03013-11 were similar to CMM 
03020-2. Tuber yield of clones  in Malang 2011/12 range  29.41 t · ha–1 to 45.36 t · ha–1, with a mean of 37.93 t ·  
ha–1. Tuber yield of BIC 280 was the highest. Tuber yield of CMM 03001-10, CMM 03020-2, BIC 499, and BIC 
180 were similar to BIC 280. Tuber yield of clones  in Lampung Timur 2010 range 19.81 t · ha–1 to 26.67 t · ha–1, 
with mean 22.79 t · ha–1. Tuber yield of CMM 03001-10 was the highest, however they were not different 
significantly. Tuber yield of clones  in Lampung Tengah 2010 range 14.14 t · ha–1 to 29.2 t · ha–1, with a mean of 
19.10 t · ha–1. Tuber yield of CMM 03001-10 was the highest. Tuber yield of BIC 180 was similar to CMM 03001-
10. Tuber yield of clones  in Lampung Selatan 2010 range 11.10 t · ha–1 to 21.7 t · ha–1, with a mean of 19.06 t ·   
ha–1. Tuber yield of UJ3 was the highest. Tuber yield of CMM 03001-10, CMM 03020-2, BIC 556, BIC 499, BIC 
280, and BIC 180 were similar to UJ3.  
     The mean of the fresh tuber yield of CMM 03001-10 over locations and years was the highest (31.75 t · ha–1 ), 
and it was significantly different to UJ3, 11 % higher than UJ3, equal to Rp2 377 500 ha–1, if the price of cassava 
tuber is Rp750. The yield of CMM 03001-10 will be higher than 31.75 t · ha–1, if this clone is planted  in better 
environment with high input.  Radjit and Prasetiawati [11] reported that Malang 6 produced more than  80 t · ha–1  
when this variety was planted with plant distance  1,25 m × 1,25 m and fertilized 300 kg · ha–1 Phonska, 300  kg ha–1   
Urea, and manure fertilizer 10 t · ha–1. Doses of fertilizers used in this experiment was 93 kg · ha–1  N+ 36 kg kg · 
ha–1  P2O5 + 60 kg · ha–1  K2O.  
 
Table 1. Combined ANOVA for tuber yield,  for nine cassava clones, nine environments, from 2010 to2012   
  
Source Degrees of 
freedom 
Mean Squares 
 Environment(E) 8 1 053.238**   
Error (a) 18 78.83 
Clones (C) 8 185.000**  
C x E 64 42.014*   
Error (b) 144 29.835 
Coefficient Variation (%)  20 
 
Note:**and*= significantly different  at 1 % and 5 %. 
 
     Because the clones × locations interaction was significantly, So analysis of stability of clones should be done to 
know the stability and adaptability of clones. The AMMI model was used for analysis of the stability of clones. 
Analysis of variance based on AMMI models for fresh tuber yield presented at Table 3. It can be see from the Table 
3 that the effect  of clones × locations interaction was different significantly at 5 % with AMMI models, source of 
variance of clones × locations interaction can be divided to some components, i.e. IPCA1, IPCA2 and IPCA3. IPCA 
1 was different significantly, while IPCA2 IPCA3 was not significantly difference. Thirty eight percent of 
interaction sum square was contributed by IPCA1 and 26 % by IPCA 2. 
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Table 2. Mean of fresh tuber yield (t · ha–1 ) of cassava clones/varieties in nine environments, from 2010 to 2012. 
 
No Clone/variety Lampung 
Tengah 
2011 
Lampung 
Timur 
2011 
Lampung 
Selatan 
2011 
Probolinggo 
2011 
Pati 
2010 
Malang 
2011/12 
Lampung 
Timur 
2010 
Lampung 
Tengah 
2010 
Lampung 
Selatan 
2010 
Mean 
01 CMM 03001-10 41.84 a 26.71 a 32.29 a 31.51 a 33.80 ab 42.75 ab 26.67 a 29.2 a 20.94 a 31.75 a 
02 CMM 03020-2 23.60 c 24.08 a 27.71ab 24.36 abc 35.76 a 41.74 abc 19.81 a 15.76 b 19.58 ab 25.82 cd 
03 BIC 556 28.85 bc 24.88 a 31.20 a 29.25 ab 26.70 b 34.39 bcde 22.68 a 19.95 b 19.59 ab 26.39 bcd 
04 BIC 499 30.42 bc 21.46 a 30.05 ab 22.14 bc 27.65 ab 42.94 ab 20.56 a 20.08 b 17.29 ab 25.84 cd 
05 BIC 280 30.17 bc 28.04 a 30.21 ab 20.85 bc 32.67 ab 45.36 a 21.73 a 19.58 b 21.70 a 27.81 bc 
06 BIC 180 33.85 ab 28.88 a 29.60 ab 29.64 ab 34.13 ab 40.30 abcd 22.32 a 20.72 ab 19.64 ab 28.79 b 
07 CMM 03013-11 27.44 bc 21.38 a 25.92 ab 17.16 c 34.68 ab 27.41 e 24.50 a 15.91 b 11.10 b 22.83 e  
08 CMM 02048-6 24.97 c 30.13 a 22.03 b 24.65 abc 30.09 ab 33.63 cde 22.97 a 14.14 b 19.33 ab 24.66 de 
09 UJ3 42.47 a 29.25 a 33.33 a 27.93 ab 28.59 ab 32.82 de 23.89 a 16.60 b 22.39 a 28.58 bc 
 Mean   31.51 26.09 29.15 25.28 31.56 37.93 22.79 19.10 19.06 26.9 
 C.V. (%)          20 
 
Note: The numbers in same colms with same letters are not significantly different at 5 % level. 
 
Table 3. Analysis of variance based AMMI model for fresh tuber yield in 7 mo. 
 
Source Degrees of freedom Mean squares 
Environment(E) 8 1 053.238**   
Error (a) 18 78.83 
Clones (C) 8 185.000**  
C x E 64 42.014*   
IPCA1 15 22.55* 
IPCA2 13 17.82 
IPCA3 11 14.37 
Combined error 144 29.835 
Coefficient Variation 
(%) 
 20 
 
Note:**and*= significantly different  at 1% and 5%. 
 
     Biplot of IPCA1 and mean of fresh tuber yield was presented in Figure 1. Starch yield of CMM 03001-10 was the 
highest, while CMM 03013-111 was lowest. Based on this figure, it can be determined that clone which was on one 
point on the horizontal axis means those clones had a same main effect (fresh tuber yield), and clone which was on 
one point on the vertical axis means those clones had the same interaction effect. The fresh tuber yield of clone No. 
06 (BIC180) and 09 (UJ 3) were similar, but the interaction effect with location was different. Clone No. 06 (BIC 
180) was positive interaction with C location, while clone No. 09 (UJ 3) was negative interaction with C 
environment. The same pattern was seen for clone No. 02 (CMM 03020-2 ) and 04 (BIC 499).  
     Biplot IPCA1 and IPCA2 for environments based on fresh tuber yield  was given in Figure 2. Based on this 
figure, it can be seen that environments used was a good enough. Position of A (Lampung Tengah 2011) was far 
from E (Pati 2010), F (Malang 2011), G (Lampung Timur 2010), and B (Lampung Timur 2011). These mean that 
environments used were varied.  
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Figure 1 Biplot of IPCA 1 and fresh tuber yield in 7 mo. 
 
Note:    01. CMM 03001-10         06. BIC 180 
             02. CMM 03020-2           07. CMM 03013-11 
             03. BIC 556                     08. CMM 02048-6 
             04. BIC 499                     09. UJ3 
             05. BIC 280 
  
  A: Lampung Tengah 2011    B: Lampung Timur 2011  
  C: Lampung Selatan 2011    D: Probolinggo 2011  
  E: Pati 2010                           F: Malang 2011/12      G: Lampung Timur 2010     
  H: Lampung Tengah 2010     I: Lampung Selatan 2010 
 
 
     Biplot of IPCA1 and IPCA2 for clones based on tuber yield was given in Figure 2. Based on this figure, it can be 
identified the stability of clone. Stable clone was the clone which is near point (0, 0). Clone BIC 180, BIC 556, BIC 
280, CMM 03001-10, and BIC 499  were more stable than CMM 02048-6, CMM 03020-2, CMM 03013-11, and 
UJ3. There are two possibilities in which cassava can buffer to varying location conditions. One is that clone is a 
hybrid, and second that it has a genetic potential to perform  well irrespective of the location where they are grown. 
Sholihin [12] reported that environmental factors which are important in determining stability of cassava 
clone/variety based on the tuber yield in 9 mo were soil pH of subsoil, maximum air temperature in 1 mo after 
planting, the minimum air humidity in 4 mo after planting, number of rainy days in 1 mo to 2 mo after planting, total 
rain fall 9 mo after planting, and the minimum air temperature three months after planting. 
Information on HCN content is important in determining the appropriate use of cassava. Cassava varieties with 
HCN content > 50 mg · kg−1  is not suitable for fried or steamed cassava. Sholihin [13] reported that HCN content of 
CMM 03001-10 was 35.34 mg · kg−1, mean that this variety can be used for fried or steam cassava. In addition. The 
342   Sholihin /  Energy Procedia  65 ( 2015 )  337 – 343 
colour of tuber of CMM 03001-10 is white, so it is suitable for the fried cassava chips. In terms of resistance to root 
disease cause by Fusarium spp., CMM 03001-10 was tolerant to this disease. [13].  
 
 
 
 
Fig.2. Biplot of IPCA 1 and IPCA 2 for clones based on fresh tuber yield in 7  mo. 
 
Note:    01. CMM 03001-10         06. BIC 180 
             02. CMM 03020-2           07. CMM 03013-11 
             03. BIC 556                     08. CMM 02048-6 
             04. BIC 499                     09. UJ3 
             05. BIC 280 
  
  A: Lampung Tengah 2011    B: Lampung Timur 2011  
  C: Lampung Selatan 2011    D: Probolinggo 2011  
  E: Pati 2010                           F: Malang 2011      G: Lampung Timur 2010     
  H: Lampung Tengah 2010    I: Lampung Selatan 2010 
4. Conclusion  
     Clone BIC 180, BIC 556, BIC 280, CMM 03001-10, and BIC 499  were more stable than CMM 02048-6, CMM 
03020-2, CMM 03013-11, and UJ3 for the fresh tuber yield based on AMMI models. The average of the fresh tuber 
yield of CMM 03001-10 clone was the highest.  
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